Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet lof37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 

1/37 




Scan rate /mVs 

F ^ 1 BEST AVAILABLE COPY 

SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 2of37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



2/37 



r 
■ 

o 




CO 

o 



-I — i — r 

CM t- 

• • 

o o 



-i — i — r 

o T- 

o 9 



T 

9 



T 

00 

9 



■ 

O 



O 



o > 

00 
CN g 

**** 



9 



CO 

o 

I 



00 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al 
Sheet 3of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



3/37 



Increasing pH 




-0.4 

Potential vsSCE/V 



i 

0.0 





-0.2- 




• 

-0.3- 




• 

-0.4- 


> 


- 

-0.5- 




1 


-0.6- 




• 


1 


-0.7- 


P-I 






-0.8- 




-0.9- 




-1.0- 



Fig. 3a 



T 

4 



T 

6 



8 



pH 



-i 1 1 1 

10 12 



Fig. 3b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 4of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



4/37 



r 

Q 




00 

i 
t 
i 
i 



CO 




"T 



oo 



> 

S 

00 



"3 

* ^1 

I 

o 



yui / jusunQ 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 5of37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



5/37 




in 



© 
i 



> 




-a 



f2 



IT) 



\/uj / juauno 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 6of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



6/37 




* i i I » 1 I 1 1 — 1 1 I ' i 1 I 

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 

Potential vsSCE/V 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 7 of 37 
Atty. Docket No. COU.P.US0004 

WO 2005/085825 PCT/GB2005/000802 



7/37 




SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 8of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



8/37 



40- 



20- 



i 



0- 



-20- 



lstscan 
10th scan 




-0.4 



-0.2 



0.0 



0.2 



0.4 



0.6 



~i 1 r 

0.8 1.0 



Potential vsSCE/V 



30 

4 

25- 

20- 
15- 
10- 
5- 
% 0- 

1 " 5 : 

e -10- 



-15 
-20- 
-25- 
-30- 
-35- 



Fig. 8 



Increasing Scan Rate 




•0.5 



■> — i — > — r 



i — i — < — i — i — r 



-0.4 -0.3 -0.2 -0.1 0.0 

Potential vs. SCE/V 



0.1 



0.2 



- 1 
0.3 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 9of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



9/37 




1 — r 

o 



T 

o 



I 

o 



o 



"T 

o 

i 



T 



1 — r 

o 



9 



> 




13 
•43 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 1 Oof 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



10/37 




SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 11 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



11/37 



r 


n 




U£ 1= 




i 








4 y 







1 



Fig. 1 1 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 12of37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



12/37 




Fig. 12 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 13of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



13/37 



\ 



d,<d 



I "2 



4-NB A molecule 





Section through MWCNT 



Fig. 13 




Sectioa through MWCNT 



r 

N 



4e" Step corresponding to system (I) 




ho oh 

1 

+2e- +2H + -H 2 0 



N 



-2e- +2H + 





+2e- +2H + 



-2e- +2H + 




Fig. 14 



2e" step corresponding 
to system (II) 



SUBSTITUTE SHEET (RULE 26) 



WO 2005/085825 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 14 of 37 
Atty. Docket No. COU.P.US0004 



14/37 



PCT/GB2005/000802 



0.10-, 



0.05- 



0.00- 



-0.05- 



-0.10- 



-0.15- 




\ I 

\ I 
\ 1 

V / 

System I 



System II 



1st scan sweeping to negative potentials 
subsequent scans over system II 



T 



-1.0 



-0.5 



0.0 



T 1 1 1""" 

0.5 1.0 



Potential vs SCE / V 



Fig. 15a 





0.020- 




0.015- 




0.010- 




0.0D5- 




m 

0.000- 










J 


-0.005- 




-0.010- 




-0.0 J 5- 




-0.020- 



Fresh solution.- 



20th scan 




-0.4 



i ' i • i ' i 

-0.2 0.0 0.2 0.4 

Potential vs SCE / V 



~~i > 

0.6 



Fig. 1 5b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 15 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



15/37 



0.12- 

o.io- 

0.08- 
0.06- 
0.04- 
0.02- 
0.00- 
-0.02- 
-0.04^ 
-0.06- 
-0.08- 
-0.10- 
-0.12- 




-0.4 



"I - 

-0.2 



-r- 

0.0 



~T~ 

0.2 



-r- 

0.4 



Potential vs SCE / V 



Increasing scan rate 



0;6 



Fig. 15c 



a 



0.035- 



0.020- 
0.015- 
0.0 1(K 
0.005- 
0.000^ 
-0.005^ 
-0.0 10^ 
-0.015- 
-0.020^ 
-0.025-^ 
-0.030^ 



i 

0 



200 



400 



600 



Scan Rate / mVs 



SUBSTITUTE SHEET (RULE 26) 



800 



1000 



Fig. 15d 



WO 2005/085825 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 16 of 37 
Atty. Docket No. COU.P.US0004 



16/37 



PCT/GB2005/000802 



0.3- 
0.2- 
0.1< 
0.0- 
-0.1- 
-0.2- 
-0.3- 
-0.4- 
-0.5- 
-0.6- 
-0.7- 



SysteinllpH 12.0 



System U pH 92 

System JI pH 6.8 

System II pH 4.6 

System II pH 1.0 




ystemlpiH 1.0 

System I pH 4.6 
System I pH 12.0 \ System I pH 6.8 

System I pH 9.2 



— j — , — | — , — | — i — | — i — | — i — | — i — | — i — i — i— i — i — r— 
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 



Potential vs SCE / V 



Fig. 16a 



w 
u 

CO 

CO 

> 

1 

o 
Ph 

■a 

CM 



0.4 -i 

0.3 r 

0.2- 
0.1- 
0.0- 
•0.1- 
•0.2- 
-0.3- 
•0.4- 
-0.5- 
-0.6- 
•0,7- 
-0,8- 



-0,9« 



Gradient = 60.4 mV / pH Unit 
R 2 = 0.9969 



X Reduction peak system I 
A Oxidation peak system fl 
O Rcducrion peak system H 
— System I linear regression 

Oxidative linear regression system. II 

■ • • Reductive linear regression system n 



Gradient- 59.8 mV/pH tinti 
R 2 = 0.997l 



Gradient =42.5 mV/pHUDit 
R 5 = 0.9943 



T 

2 



T 

4 



T 

6 



i 
8 



10 



12 



pH 



Fig. 16b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 17 of 3 7 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



17/37 



0.02- 




1 ■ 1 « 1 1 i 1 1 1 1 ' r 

0 2 4 6 8 10 12 



ph 4 Fig. 17b 

SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 18 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



18/37 



cd 

■a 



1.6- 

1.5- 
1.4- 
1.3- 
1.2- 
1.1 • 
1.0- 
0.9- 
0.8- 
0.7- 
0.6- 
0.5- 
0.4- 

0.3: 



based on a monolayer of 4-NBA on a close-packed 
monolayer of graphite on bppg 




40 



Error ban. show standard deviation over S CVs of 5 samples 
taken at each time interval 



based op. a monolayer of 4-NBA on the bppg geometric area 



T 

60 



1 ' 1 

80 100 

Time/min 



~ i 

120 



-r- 

140 



160 



Fig. 1 8 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 19 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



Ficure 14 



0.05- 



0.00- 



-0.05- 



-0.10- 



-0.15- 



19/37 




First scan 

Subsequent scans 



-1.0 



-0.8 



-0.6 



-0.4 



-0.2 



0.0 



Potential vs Ae / V 



Fig. 1 9 



SUBSTITUTE SHEET (RULE 26) 



WO 2005/085825 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 20 of 37 
Arty. Docket No. COU.P.US0004 



20/37 



PCT/GB2005/000802 





u:Mt 



HSR:- .V- 




1 • • ii.vlir.T 




1BR 



Solvation shell 



Graphite Layer 



Fig. 20 



3.35 angstroms 




3.9 angstroms 



2.5 angstroms 



3.9 angstroms 
3.0 angstroms 



Fig 21 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 21 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



21/37 




Fig. 22a 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 22 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



22/37 




Fig. 22b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 23 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



23/37 




Fig. 23a 




Fig. 23b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 24 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



24/37 



75 



1200- 



1000- 



800- 



U 600-1 



§ 400-1 
U 



200- 



0 




Native MWCNT 
4-NBAMWCNT 




0 



T~ 

10 



20 



■> r 

30 

2theta 



T" 

40 



i 

50 



Fig. 24 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 25 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



25/37 



Organic Crys 



White shading indicates 
three phase boundary 




Fig. 25 



bppg electrode surface 



Organic crystal 
Graphite particle 




White shading indicates 
three phase boundary 



bppg electrode surface 



Fig. 26 




Nanotube. White shading indicates 
three phase boundary 



Fig. 27 



Scheme Id 



Nanotube. White shading indicates 
three phase boundary 




Fig. 28 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 26 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



26/37 




Fig. 29 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 27 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



27/37 




Fig. 30 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 28 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 



28/37 




Fig. 3 1 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 29 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



29/37 



I 

V ■ 



i 1 -'*. 



»■ . I V. 



■.I 




IL n; L 1 
fa 



Fig^ 32 




ay 




Fig. 34 




Fig. 33 



0.04- 



0.02- 



0.00- 



i- -0.02- ' 



O -0.04J 



-0.06- 



-0.08- 




MWCNT/PAQ physical mixture 



PAQ crystals 

MWCNT-PAQ agglomerates 



i * » • « * 



T — 

0.2 



0.0 



Potential vsSCE/V 



0.2 



Fig. 35 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 30 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



30/37 



0.04 -, 



0.O2- 



0.00- 



-0.02 J 



-0.04- 



-0.06- 



Eresh buffer solutii 



20 cycles 




t — ■ — i — 1 — r 



t — i — i — i— 

0.6 -0.5 -0.4 -0.3 -0.2 -0.1 



-I — i — | — i — | — i — | — i 

0.0 0.1 0.2 0.3 



Potential vsSCE/V 



Fig. 36a 



0.06- 
0.04- 
0.02- 
0.00- 
-0.02- 

■ 

-0.04- 
-0.06- 
-0.08- 
-0.10- 

■ 

-0.12- 
-0.14- 



20 Cycles 



Fresh bufifer solution 




-0.6 



-0.4 



-0.2 



0.0 



02 



0.4 



0.6 



Potential vs SCE / V 



Fig. 36b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 31 of 3 7 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



31/37 



0.4- 



0.3- 



0.2- 



0.1- 



0.0- 



-0.1- 



-0.2- 



-0.3- 



-0.4- 



Increasing scan rate 




-0.6 



T 



-0.4 



0.0 



-0.2 

Potential vsSCE/V 



0.2 



Fig. 37a 




SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 32 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



32/37 



Increasing scan rate 




-0.5 



"i — r 

-0.4 



-0.3 



■« — r 



"T" 

-0;1 



T" 

0.0 



-0,2 

Potential vsSCE/V 



n — ' — i — ■ — r~ 

0.1 0.2 0.3 



Fig. 37b 



0.6i 



8 



O 

■a 



0.5- 
0.4- 
0.3- 
0.2- 
0.1- 

0.0- 
-0.1- 

-0.2- 
-0.3- 
-0.4- 



-0.5 



x 



X 



0 



200 



Scan Rate / mV s 



-l 



400 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 33 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



33/37 



Increasing pH 




Potential vsSCE/V 



Fig. 38a 





0.5 -| 




0.4- 




0.3- 




• 

0.2- 




0.1- 


1 


0.0- 






I 


-0.1- 




-0.2- 




-0.3- 




-0.4- 




-0.5- 




-0.6- 




Increasing pH 



-i r - 

-0.8 -0.7 



-i 1 1 1 1 1 r- 

•0.6 -0.5 -0.4 -0.3 -02 -0.1 0.0 

Potential vsSCE/V 



1 1 1 T" 

0.1 02 0.3 0.4 



Fig. 38b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 34 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 PCT/GB2005/000802 

34/37 




-0.45 -| — i — | — i — | — i — | — i — | — i — | — i — | — i — | — i — | — i — | — i 
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 



Potential vsSCE/V 

Fig. 39b 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 35 of 37 
Arty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



35/37 




hrj 

.a 



r 

'a- 

d 



T 



1 — r 

* 

9 



T 



T 

s 5 



s 5 



> 



^^^^ 



00 

9 
13 

m '-6 



* 

9 
9 

o 

I 

00 



yra / jusnrQ 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 36 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 




36/37 




Fig. 41 




Fig. 42 



SUBSTITUTE SHEET (RULE 26) 



Electrochemical Sensors 
Sean P. McCormack, et al. 
Sheet 37 of 37 
Atty. Docket No. COU.P.US0004 



WO 2005/085825 



PCT/GB2005/000802 



37/37 



l.OOxlO- 5 

0.90xl0" 5 

0.80xl0" 5 

0.70xl0' 5 

0.60xl0* 5 

0.50xl0" 5 ■ 

0.40xl0* 5 - 

OJOxlO- 5 - 

0.20xl0" 5 - 

O.lOxlO- 3 ■ 
0 




Fig. 43 



0.250 0.500 0.750 1.000 



E/V 



1.00x10 

0.90x10 

0.80xlO' 5 

0.70xl0" 5 

_ /A 0.60x1 0" 5 
T/A J 

0.50x1 0- 5 " 

0.40xl0" 5 ■ 

0.30xl0* 5 

0.20xl0" 5 - 

O.lOxlO' 5 
0 




:; Fig. 44 



0.250 0.500 0.750 l.OOO 



SUBSTITUTE SHEET (RULE 26) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WHITE PHOTOGRAPHS 



/ 



